ABSTRACT
INTRODUCTION

52"
Pulses, such as lentils (Lens culinaris), are currently considered gluten-free functional 53"
foods. Since pulses are a rich source of nutritional and healthy compounds such as fiber, 54"
proteins, resistant starch, as well as phytochemicals with health-promoting activity. In 55" adequate proportions, these health promoting compounds support important biological 56"
functions like the stabilization of glycemic and cholesterol indexes, promotion of 57"
intestinal transit, and may also act in the prevention of some cancers and chronic 58" diseases, heart disease, and diabetes 1 . The remarkable nutritional profile present in 59" pulses and their proven impact on human and animals wellbeing make pulses fine 60" functional food ingredients with justified nutritional and health promoting importance.
61"
Additionally, pulses also contain bioactive compounds, such as oligosaccharides, 62" inositol phosphates, protease inhibitors and lectins. Some of these compounds have 63" 40% in water), 0.1 % of 5M H 2 SO 4 , 0.05% of 91% formic acid (Fluka), and 100 µL of 206" a phytic acid hydrolysate (6mg/mL) and the pH was adjusted to 4.3. The mobile phase 207" was run at a flow rate of 1 mL/min. Samples were analyzed in duplicate.
208"
Trypsin inhibitors activity 209"
For sample preparation, 0.25 g of unprocessed and extruded flours was extracted in 10 210" mL of 50 mM HCl for 1 h under continuous stirring, followed by centrifugation at 211" 12,100 g for 10 min. The supernatants were frozen until used. Trypsin inhibitor activity 212" measurements were made on the sample extracts using a small-scale quantitative assay 213" described by Domoney and Welham 14 , where one unit (TIU) is defined as that which 214" would give a reduction in A 410 nm of 0.01, relative to trypsin control reactions, using a 215" 10 mL assay volume. All assays were performed at 4 ºC, in triplicate.
216"
Lectins
217"
Unprocessed and extruded flours were extracted according to the procedure of 218" Cuadrado et al., 17 . Samples were extracted with 0.1 M Phosphate Buffered Saline (PBS) 219" at pH 7.4, containing 0.1 mM D-glucose at a concentration of 200 mg/mL, using an 220" Ultra-Turrax homogenizer (2 min). The homogenized sample was centrifuged at 4300 g 221"
for 20 min at 4 ºC, the supernatants were diluted 4 or 100 times, and used for the 222" haemagglutination test and ELISA assays.
223"
Haemagglutinating activity was estimated in the PBS extracts by a serial dilution 224" procedure, using trypsin treated rat blood cells 18 . The amount of material causing 50% 225" agglutination of erythrocytes was defined as that, which contained one 226" haemagglutinating unit (HU). For comparison, values were expressed as HU/Kg flour.
227"
The assays were reproducible to ± 1 dilution and the final values were the mean of four 228" separate measurements. Phaseolus vulgaris cvs. Processor and Pinto were included in 229" each assay as positive and negative controls, respectively. Pure lentil lectin (LCA), 230" previously obtained 15 , diluted in PBS (0.01 M PBS, pH 7.4), was used as standard.
231"
Competitive Indirect ELISA was performed according to Cuadrado et al., 17 to estimate 232" the lectin content of the samples from a calibration curve. Plates were coated overnight 233" at 4ºC with 0.5 µg/mL of LCA in 0.05 M sodium carbonate-bicarbonate buffer, pH 9.8.
234"
Coated plates were washed four times with PBST (0.1 M PBS containing 0.01% v/v 235"
Tween 20, pH 7.4). Then, 0.2 mL of PBSG (0.1 M PBS containing 0.5% w/v gelatine, 236" pH 7.4) was added. After incubation for 1 h at 37ºC, the plates were washed for another 237"
four times with PBST. After this, 0.05 mL of pure rabbit anti-LCA D-glucose or lentil 238" samples (also diluted in 0.05 mL of PBS containing D-glucose) with unknown content 239" of lentil were added, followed by 0.05 mL of rabbit anti-LCA IgG antibody (diluted 240" 1:100 in PBS). After incubation for 1 h at 37ºC, the plates were washed four times with 241"
PBST. Then, 0.1 mL of horseradish peroxidase (HRP)-conjugate goat anti-rabbit IgG 242" (Human, Hungry) diluted with PBS (1:10000, v/v) was added to each well. The plates 243"
were incubated for one additional hour at 37ºC and 0.1 mL of substrate solution (0.34 244" mg/mL o-phenylendiamine in 0.05 M phosphate citrate buffer pH 5.0, containing 0.03% 245" v/v hydrogen peroxide) was added to each well. After 5 min, the reaction was stopped 246" by adding 0.05 mL of 3M H 2 SO 4 and the optimal density was measured at 492 nm using 247" a DYNATECH plate reader. The lectin content of the samples was estimated from the 248" calibration curve (0.001-1000 µg/mL of pure LCA standard). Determination was 249" performed in triplicate for each data point. Results were expressed in percentage of 250"
LCA on a dry matter basis.
251"
252"
Statistical analysis
253"
The results were expressed as mean values ± standard deviation. and verbascose (16.56 mg/g) were the predominant α-galactosides 23 , while raffinose 287"
was also present but in lower content (2.72 mg/g).
288"
In general, the content of soluble sugars in the unprocessed (CR) and extruded lentil 289" final product. This effect could be largely attributed to a mechanical-structure 303" modification of the product matrix, including cell wall breakage, increased porosity and 304" specific surface area, improving the diffusion of solvent inside the matrix and 305"
subsequently increased the extraction of the soluble sugars. Therefore, comparing 306" control extruded lentil flour (CE) to control raw lentil flour (CR) an increase in sucrose, 307" maltose, galactinol, galactopinitol, ciceritol, raffinose, and stachyose was observed 308" (Table 2 ). Also, the total α-galactosides content significantly (p< 0.05) increased in 309" most the extruded lentil flour, compared to their control counterpart. An exception to 310" this pattern was observed for samples CE and EF4, which presented total α-galactosides 311" content similar to their respective controls. The observed small reduction of alpha-312" galactoside in the CE and EF4 samples could be attributed to a mechanical-structure 313" modification of these product matrix during extrusion, which reduced the extraction of 314" these sugars. Lajolo et al. 21 have reported that α-galactosides may act as prebiotics, 315" increasing bifidobacteria population in the colon and subsequently conveying beneficial 316" effect to human and monogastric animals by stimulating their immune system, 317" increasing resistance to infection, and reducing constipation and diarrhea. Therefore, the 318" increased in available α-galactosides, generated as a consequence of extrusion 319" processing, may be consider as a added-value ingredient with potential in functional 320" superfood and would be an added-value attribute of the fiber-rich lentil extrudates.
321"
In sample CE, raffinose and stachyose showed an increase of 10 and 55.14%, 322" respectively, while verbascose showed a decrease of 17.53%. Verbascose is a 323"
pentaoligosaccharide that under the extrusion conditions of high temperatures and 324" pressure, could be partially hydrolyzed and subsequent increase the content of raffinose 325" and stachyose, as observed in this study. These results are in agreement with those 326" previously reported by other authors, under similar extrusion conditions applied to 327" different pulses seeds, in which extrusion process caused an increase in maltose, 328" ciceritol and stachyose in lentil flours, but not in peas nor in chickpea flours 7 . This 329"
indicated that different pulse flours are differently affected by extrusion processing 330" conditions.
331"
Guillamon et al., 26 observed an increase of total α-galactosides of 15.18%, mainly in 332" stachyose and verbascose content, in pea flours after extrusion treatment. Whereas, in 333"
other pulses such as kidney bean, lupin, chickpea and faba bean, the same authors 334" reported a decrease from 5 to 50% in total α-galactosides content after processing. Frías, 335" et al., 27 reported only a slight decrease in total α-galactosides content after the extrusion 336" process of pea flour at 142 ºC. Similarly, Berrios et al., 19 reported that the total 337" oligosaccharide levels in black bean flours, were not significantly affected under 338" extrusion conditions of 160 ºC and 20% feed moisture. Therefore, based on the present 339"
and previously indicated studies, the extent of oligosaccharide reduction is dependent 340" on the extrusion conditions employed during processing, the type of grain and/or 341" formulation used in the development of extruded products.
342"
Lentil flours formulated with wheat-bran (EF1 and EF2) presented a significant increase 343" in total α-galactoside content of 31.05 and 22.48%, respectively. The amount of 344" verbascose in these samples did not change significantly, however stachyose and 345" raffinose showed a significant increased. Whereas, lentil flours formulated with corn 346" and apple fiber (EF4), was the only sample that presented no significant decrease in 347" total α-galactosides content after processing, with values around 25 mg/g. These results
348"
highlight the importance of selection of food ingredients that may resist the effect of 349" extrusion processing to retain α-galactosides in the finished product.
350"
Inositol phosphates 351"
While it is known that phytic acid or inositol hexaphosphate, has a negative effect on 352" 90% of total phytate content in the raw cereal flours.
363"
Heat treatment reduced the inositol hexaphosphate (IP6) content leading to less 364" phosphorylated forms (IP5 to IP) 30 . A significant reduction (p< 0.05) in total inositol 365"
phosphates content was observed in the extruded cooked lentil flours EF1, EF2 and 366" EF3, compared to the unprocessed flours. A reduction of total inositol phosphates was 367" also observed in extruded cooked lentil flours CE and EF4, but the reductions were not 368" significant. These overall reduction in total inositol phosphates is a consequence of 369" extrusion cooking are in agreement with those reported by Alonso et al., 31 in extruded 370" pea flours at 155ºC, in which a significant (p< 0.05) reduction of 20.54% was observed.
371"
While, smaller decreased in total inositol phosphates have been reported in extruded 372" pulses by various researchers. Butrón 32 reported a decrease of inositol phosphates of 373"
13.7% in Faba bean and 22% in Kidney bean, processed under the same extrusion 374" conditions (160ºC). Guillamon et al. 26 also reported a decrease of inositol phosphates 375" around 7.74% in Kidney bean flour, 8.46% in chickpea flour, and a much larger 376" decrease of 35.78% in Faba bean flour, after extrusion cooking of the flours at 150ºC.
377"
The effect of extrusion processing was more pronounced in decreasing the content of 378" inositol hexaphosphate (IP6), which had a direct effect on the observed decreased 379" values in total IP (Table 3 ). The gluten-free formulation CF3 presented the highest 380" significant (p< 0.05) drop in IP6 of 14.7 fold decrease, due to extrusion processing.
381"
Follow by the gluten-containing formulations CF1 and CF2, which presented 2.42 and 382"
1.65 fold decrease in IP6, respectively. While, the IP6 content in the extruded 383" formulation EF4 was similar to the unprocessed flour (CF4). Frontela et al., 33 reported 384" a higher reduction in IP6 content in wheat flour (76.9%) than in corn flour (30.5%), 385"
after roasting treatment at 120 ºC. They concluded that IP6 present in corn flour were 386" more stable to thermal treatment than the ones present in wheat flours. In the other 387" hand, extrusion cooking induced a significant (p< 0.05) increase in IP4 in formulations 388" CE and E4 as well as a significant (p< 0.05) increase in IP5 in the gluten-free 389" formulations EF3 and EF4.
390"
The present study analyzed formulations containing at least 68% of lentil flour blended 391" with selected gluten-free and gluten-containing fiber sources, namely wheat brand, 392" apple fiber, corn fiber and/or nutriose, before and after extrusion processing. Therefore, 393" the various formulations, due to their different matrix and visco-rheological behavior 394" under extrusion, widely influenced the extrusion effect on the inositol phosphates 395" contents, as supported by research reports of the indicated previous authors.
396"
Extrusion processing promoted a considerable reduction of inositol hexaphosphate 397" (phytic acid). Therefore, extrusion could be a good alternative to reduced phytic acid 398" content and maintain beneficial, less phosphorylated inositol phosphates, in the 399"
extrudates.
400"
Trypsin inhibitor activities 401"
Clemente et al., 6 reported that the natural bioactive substances Bowman-Birk inhibitors 402" (BBI) were effective in preventing or suppressing carcinogen-induced effects, as the 403" digestive enzymes inhibition decreased the availability of nutrients to tumour cells; as 404" well as inhibiting the formation of oxide and peroxide radicals, and stimulation of T 405" lymphocytes production, due to their antioxidant action. 406" Table 4 summarizes the extent of trypsin and lectin inhibition determined in the 407" different lentil-based formulations, before and after extrusion cooking of the samples.
408"
The highest trypsin inhibitor activity (TIA) were observed in CR (11.43 TIU/mg) 409"
followed by the flours formulated with wheat-bran (CF1 and CF2, 4.97 and 4.86 410" TIU/mg, respectively). These bioactive compounds are found largely in wheat bran 32 .
411"
After the extrusion treatment, a significant (p< 0.05) reduction in trypsin content in all 412" samples analyzed was observed. These results demonstrate the heat-sensitive nature of 413" these compounds. Also, these results confirmed previous results presented by Armour et 414" al., 34 who indicated that heat treatments have been shown to be very effective in 415" destroying trypsin inhibiting activity. With regard to trypsin reduction, as observed with 416" α-galactosides and inositol phosphates, extrusion processing did not affect all 417"
formulations to the same extent as observed for lectin. The greatest losses were 418" observed in the extruded samples formulated with apple fiber and/or corn flour (EF3 419" and EF4). Their content was reduced around 97.59 and 97.61% respectively, compared 420"
to the extruded control sample (CE), which presented a 96.85% of TIA reduction.
421"
Similar reduction in TIA were reported different authors in Kidney and Faba beans 422" flours 32 , and in corn flours enriched with 45% of Kidney bean seeds (Navy and Small 423" red varieties), after extrusion cooking 2 .
424"
Reduction of TIA in formulations containing wheat bran (EF1 and EF2), were around 425" 93.2-93.5 %, compared to their controls. This reduction was less extensive than those 426" determined in all other samples, under study. Since, none of the studied samples showed 427" a total inactivation of TIA after extrusion treatment, this may indicate that the trypsin 428" inhibitors present in lentil, as well as wheat bran, may be of the Bowman-Birk type.
429"
This trypsin type present some thermal inactivation resistance due to their high SH-SH 430" bond configuration, and may also be due to protection of crystallized starches formed 431" during extrusion, as previously indicated by Butrón 32 working with mixtures of faba and 432" kidney beans with corn flours.
433"
Other thermal processing, as high pressure cooking process (DIC), were able to promote 434" up to 96% TIA reduction in lentils 25 while cooking and autoclaving (15 min, 121ºC at 435"
1.4 bars) could promote up to 100 % of TIA inactivation 35 .
436"
Lectins
437"
The high resistance to proteolytic in vivo degradation of the lectins and their ability to 
441"
The content of lectins in the different lentil-based formulations (Table 4) (data not shown), the control lentil flour (CR) showed the highest amount of lentil 444" lectins (LCA) of 167.67 HU/Kg, while the lowest content was determined in CF4 (2.56 445" HU/Kg). In all cases, extrusion treatment induced a reduction in LCA content was 446" observed, higher than 91.86% (data not shown). ELISA indirect assay, a more specific 447" and sensitive than hemaglutination assay, was used to report the content of lectins. The 448" result of ELISA revealed that the control lentil flour sample (CR) presented the highest 449" value of LCA of 1.36 %, while lentil flour with apple and corn fiber (CF4) presented the 450" lowest content of LCA of 0.67%. After extrusion processing, the results of ELISA 451" indirect method showed a 100% reduction on all samples under study. These results
452"
demonstrate the heat-sensitive nature of these compounds. Also, these results confirmed 453" previous results presented by Armour et al. 34 who indicated that heat treatments have 454" been shown to be very effective in destroying lectin (haemagglutinating) activity. This 455" result is in agreement with the one reported by Butrón 32 and Alonso et al. 31 who 456"
reported total inactivation of lectins in chickpeas, peas, faba and kidney beans extruded 457" flours. Moreover, Leontowicz et al. 37 concluded that extrusion at 150 ºC is adequate to 458" eliminate lectins in peas and faba beans.
459"
Moreover, the developed value-added extrudate could provide a suitable way to 460" increase pulse consumption in the general population, particularly in children and 461" youngsters, suffering of celiac disease or gluten sensitivity related conditions, as well as 462" potentially prevent diabetes type 2, as previously indicated by Shi et al. 10 The gluten-463" free formulations EF3 and EF4, would be appropriated for these particular populations. 464"
465"
Principal components analysis (PCA)
466"
A multivariate analysis was applied to characterize and classify the different lentil-467" based formulations according to their bioactive compounds (oligosaccharides, inositol 468"
phosphates, trypsin inhibitors and lectins). A principal component analysis (PCA) was 469" performed to reduce the multidimensional structure of the data, providing a three-470" dimensional map to explain the observed variance. Only the two main dimensions, 471"
namely Components 1 and 2, are illustrated in the Biplot showed in Fig. 1 , which 472" explain the higher total variance (68%).
473"
The three components of the PCA performed explain 84.22 % of the total variance 474" TIA..
489"
In this way, the analysis showed that extrusion process effect was well described by 490"
This novel formulation could be a good and healthy alternative to increase pulse 501" consumption. 502" 503"
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Values are expressed as mean (standard deviation, n-1). In each column, different letters 24" mean statistically significant differences (p < 0.05) compared by Duncan test, small 25" superscript letter means difference due to extrusion treatment for the same formulation, 26" whereas capital superscript letter means differences between all samples analyzed. 
36)
IP5 (penta-inositol phosphate); IP6 (hexa-inositol phosphate); Total IP (Total inositol phosphates); TIA
37)
(trypsin inhibitiors activity) and LCA (lectin).
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